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Abstract 
This paper presents a concept of an Integrated System of Supporting Information Management in Passenger Traffic. The novelty 
of the system is an integration of six modules: video-monitoring, counting passenger flows, dynamic information for passengers, 
the central processing unit, surveillance center and vehicle diagnostics into one coherent solution. Basing on expert evaluations, 
we propose to present configuration design problem of the system as three-objectives discrete static optimization problem. Then, 
a new hybrid method joining properties of weighted sum and ܭ-constraint methods is proposed. The hybrid approach matches our 
problem. Solution selections based on hybrid method, using two exemplary cases, are shown. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Ensuring passenger safety is the most important objective for operators and providers of railway services, 
manufacturers and carriers. Safety of rail transport is therefore a basic criterion for assessing its performance and 
determines its efficiency, as well as the broader criterion of transport service quality [1, 10, 11].  
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Monitoring the state of rail safety in Poland is maintained by the Office of Rail Transport, Chalubinskiego Street 
4, 00-928 Warsaw. Within the framework of the statutory tasks the office prepares quarterly reports summarizing the 
state of rail safety. Last analysis show that the number of three types of events is growing [2, 9]:  
• collisions of trains,  
• the derailment of trains,  
• fires of railway vehicles. 
These conditions justify starting work on a system which helps to reduce the negative effects of railway incidents.  
Currently on the Polish market there is no offer of an integrated system that performs assumed in the design 
functionality in such a wide range. Polish producers of systems are specialized in the production and development of 
devices, which potentially can be included in the proposed system. Potential customers during trade talks clearly 
indicate the need to develop an integrated system joining:  
• the traffic data taken from a railway vehicle,  
• warnings of possible dangers during the journey,  
• transmission the data in case of disasters. 
In the project the concept of a prototype of Integrated System Supporting Information Management of Railway 
Passenger Traffic (polish acronym is “Demonstrator+”) has been proposed [3]. The concept is presented in fig.1. The 
project uses a multilayer distributed architecture, which provides the expected scalability of the whole solution. In 
fact the will be powered by data from the following modules:  
• Video-monitoring.  
• Counting passenger flows.  
• Passenger information unit on the train.  
• The central processing unit.  
• Surveillance center.  
• Vehicle diagnostics. 
 
Fig. 1. Concept of Integrated System Supporting Information Management of Railway Passenger Traffic. 
1.1. Motivation 
As a part of the work associated with the development of the conceptual framework for each module, three 
different methods of its implementation has been analyzed. Each of these methods has been evaluated by 
independent experts, assumed three evaluation criteria: 
• criterion 1: functionality & upgradeability, 
• criterion 2: compliance with standards, 
• criterion 3: costs. 
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     Table 1. Criteria values for the individual modules and methods of implementation. 
Module 1. Video-monitoring module       
Method Criterion 1 Criterion 2 Criterion 3 
  
  
1 1 1 4 
  
  
2 3 4 3 
  
  
3 5 5 2 
  
  
Module 2. Counting passenger flows  
 
  
Method Criterion 1 Criterion 2 Criterion 3 
  
  
1 1 5 4 
  
  
2 2 5 4 
  
  
3 5 5 2 
  
  
Module 3. Passenger information unit  
Method Criterion 1 Criterion 2 Criterion 3 
  
  
1 1 2 4 
  
  
2 3 3 3 
  
  
3 5 4 1 
  
  
Module 4. The central processing unit 
  
  
Method Criterion 1 Criterion  2 Criterion  3 
  
  
1 1 3 5 
  
  
2 3 3 3 
  
  
3 5 4 3 
  
  
Module 5. Surveillance center  
  
  
Method Criterion 1 Criterion 2 Criterion 3 
  
  
1 3 5 5 
  
  
2 4 4 4 
  
  
3 5 4 5 
  
  
Module 6. Vehicle diagnostics  
  
  
Method Criterion 1 Criterion 2 Criterion 3 
  
  
1 2 5 4 
  
  
2 4 5 3 
  
  
3 5 5 3       
 
Assessments used the following rating: 1- very low, 2-low 3-average, 4-high, 5-very high. It should be noted that 
for the criterion 3: costs, high rating (high evaluation of solutions in terms of cost) means the low cost. Values for 
each criterion for all modules and methods of their implementation are presented in TABLE 1. Question that emerge 
naturally is: how to ‘optimally’ choose methods of modules implementation?  
1.2. Contribution 
Basing on results shown in TABLE 1, we propose to present configuration design problem of the system as three-
objectives discrete static optimization problem. A new hybrid method joining properties of weighted sum and ܭ-
constraint methods is proposed. The hybrid approach matches our problem. Solution selections based hybrid 
method, using three exemplary cases, are shown.  
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The paper is built as follow. In section 2 basics of multi-objective optimization problem as well as modification 
of ܭ-constraint method are introduced. In section 3 problem of configuration design of the system as three-objectives 
discrete static optimization problem is formulated and solved using hybrid approach. Results are concluded in 
section 4. 
2. Multi-objective optimization problem 
In this section multi-objective (or multi-criteria) optimization problem is introduced. Such a problem is 
concerned with the minimization of a vector of objectives F(x) that can be the subject of a number of constraints or 
bounds [e.g. 4, 12]. Denoting that n is a number of decision variables, k is a number of criteria, m is a number of 
inequality constraints and p is a number of equality constraints, we have x = [ x1, x2, …, xn ]T, and: 
F(x) = [ f1(x), f2(x), ..., fk(x) ]T,                (1) 
gi (x)  0, for  i = 1, 2, ... m),                 (2) 
hi (x) = 0, for i = 1, 2, ... p).                 (3) 
It should be noted that, because F(x) is a vector, if any of the components of F(x) are competing, there is no 
unique solution to this problem. Instead, the concept of non-inferiority (also called Pareto optimality) must be used 
to characterize the objectives. It is assumed that non-inferior solution (Pareto optimal solution) is one in which an 
improvement in one objective requires a degradation of another. To describe the concept of non-inferior solutions, 
introduce the set of all possible solutions that satisfy constraints, such as the project budget, available technologies, 
etc. It is called set of feasible solutions: 
ȳ ൌ ሼݔ א ࣬௡ሽ                       (4) 
that satisfies constraints (2) and (3). This allows to find all values of different objectives included in the objectives 
vector: 
Ȧ ൌ ሼݕ א ࣬௞ሽ , y = F(x) , ݔ א ȳ.                 (5) 
If, for example, one takes two objectives minimization problem, for each feasible solution one can determine 
values for the two objectives and illustrate them in two-dimensional space, as shown in Figure 2. It leads to 
conclusion, that a point ݔכ א ȳ is a non-inferior solution if there does not exist a οݔ such that (ݔכ ൅ οݔሻ א ȳ and: 
௜݂ሺݔכ ൅ οݔሻ ൑ ௜݂ሺݔכሻǡ ݅ ൌ ͳǡ ʹǥ ݇Ǣ 
௝݂ሺݔכ ൅ οݔሻ ൏ ௝݂ሺݔכሻǡ for some j. 
There are many methods of selecting a particular solution from the set of Pareto solutions. In this paper, two 
methods will be described and used, i.e. the weighted sum method and ܭ -constraint method [3]. Other methods can 
be found in the literature [e.g. 5, 7]. 
2.1. The weighted sum and ѓ -constraint methods 
This weighted sum method is based on transformation of the multiple criteria problem to the problem of single-
criteria, where each component of objectives vector describes the impact of this criterion for the final solution. The 
impact depends of the weight value wi , i = 1, 2.. k. This leads to the following problem objective formulation [6]: 
ܨሺݔሻ ൌ σ ݓ௜ ௜݂ሺݔሻ௞௜ୀଵ௫אஐெ௜௡ .                         (6) 
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The ܭ -constraint method involves minimizing a primary objective fp, and expressing the other objectives in the 
form of inequality constraints [6]:      
 ௣݂ሺݔሻ௫אஐெ௜௡                     (7) 
subject to:  
௜݂ሺݔሻ ൑ ߝ௜ǡ݅ ൌ ͳǡ ʹǥ ݇ǡ݅ ് ݌. 
This approach is able to identify a number of non-inferior solutions on a nonconvex boundary that are not 
obtainable using the weighted sum technique, for example, at the solution point shown in Fig.5. 
A problem with this method is proper selection of ܭ to ensure a feasibility of solution. A further disadvantage of 
this approach is that the use of hard constraints is rarely adequate for expressing true design objectives.  
Similar methods exist, that prioritize the objectives. The optimization proceeds with reference to these priorities 
and allowable bounds of acceptance. The difficulty here is in expressing such information at early stages of the 
optimization cycle. 
In order for the designers' true preferences to be put into a mathematical description, the designers must express 
a full table of their preferences and satisfaction levels for a range of objective value combinations. A procedure must 
then be realized that is able to find a solution with reference to this. Such methods have been derived for discrete 
functions using decision theory and game theory.  
For discrete formulation of multi-objective problem, we substitute formula (4) by ȳ ൌ ሼݔ א Ժ௡ሽ. 
2.2. Hybrid approach 
Here a hybrid approach that leads to modification of ܭ -constraint method is proposed. It involves to divide set of 
objectives into two subsets: of primary Fp and of secondary Fs objectives:  
Fp (x) = [ f1(x), f2(x), ..., fkp(x) ]T,  Fs (x) = [ fkp+1(x), fkp+2(x), ..., fk(x) ]T, kp < k. 
Assume that the impact of each Fp component depends of the weight value wi ,  
i = 1, 2, ..., kp. It leads to formulation of optimization problem with one new objective and expressing the other 
objectives in the form of inequality constraints:      
ܨԢሺݔሻ ൌ σ ݓ௜ ௜݂ሺݔሻ௞௣௜ୀଵ௫אஐெ௜௡ .                  (8) 
subject to:  
௜݂ሺݔሻ ൑ ߝ௜ǡ݅ ൌ ݇݌ ൅ ͳǡ ݇݌ ൅ ʹǡǥ ǡ ݇Ǥ 
The advantage of hybrid problem formulation is that founded solution guaranties satisfaction of secondary 
objectives at least on level ߝ whereas values of primary ones depends on impact weights. 
3. Problem of configuration design of the system as three-objectives discrete static optimization problem  
It is assumed that the optimal solution is an indication of the method of implementation of each module resulting 
from solving multi-objective maximization problem. The problem is built on the basis on values in Table 1. 
Assume: 
 i – module index, i = 1, 2, ….6; 
 j – criterion index, j = 1, 2, 3; 
 k – method index, k = 1, 2, 3; 
then: 
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 xi,j,k – denotes value taken from Table 1, e.g. x4,2,2 = 3.    
Set of all xi,j,k forms space of feasible solutions ȳ ൌ ሼݔ௜ǡ௝ǡ௞ א Ժ௡ǣ ͳǡʹǡ͵ǡͶǡͷሽ for all admissible i, j, k.  Objectives 
of the problem to be maximized are overall evaluation of criteria, i.e.: 
f1 (x) – is the first objective defined as a sum of all modules criterion 1 values depending on the method, i.e.: 
ଵ݂ሺݔሻ ൌ σ ݔ௜ǡଵǡ௞଺௜ୀଵ ;   i = 1, 2, ….6;  k = 1, 2, 3; 
f2 (x) - is the second objective defined as a sum of all modules criterion 2 values depending on the method, i.e.: 
ଶ݂ሺݔሻ ൌ σ ݔ௜ǡଶǡ௞଺௜ୀଵ ;   i = 1, 2, ….6;  k = 1, 2, 3; 
f3 (x) - is the third objective defined as a sum of all modules criterion 3 values depending on the method, i.e.: 
ଷ݂ሺݔሻ ൌ σ ݔ௜ǡଷǡ௞଺௜ୀଵ ;   i = 1, 2, ….6;  k = 1, 2, 3. 
So stated problem is the task of maximizing the three-component vector of objective functions: 
Max ĸ F (x) = (f1 (x), f2 (x), f3 (x)). 
Example. Let No.1 of possible variant (acceptable) solution will be the choice of method 1 for each of the built 
modules. Therefore, on the basis of the table 1, one can built table 2. 
     Table 2. An example of possible variant (acceptable) solution. 
Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 
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1 1 1 1 4 1 1 5 4 1 1 2 4 1 1 3 5 1 3 5 5 1 2 5 4 
 
The values of each objective function for data from table 2 are presented below: 
   ଵ݂ሺݔሻ ൌ σ ݔ௜ǡଵǡଵ଺௜ୀଵ ൌ ͳ ൅ ͳ ൅ ͳ ൅ ͳ ൅ ͵ ൅ ʹ ൌ ͻ;   
    ଶ݂ሺݔሻ ൌ σ ݔ௜ǡଶǡଵ଺௜ୀଵ ൌ ͳ ൅ ͷ ൅ ʹ ൅ ͵ ൅ ͷ ൅ ͷ ൌ ʹͳ;   
   ଷ݂ሺݔሻ ൌ σ ݔ௜ǡଷǡଵ଺௜ୀଵ ൌ Ͷ ൅ Ͷ ൅ Ͷ ൅ ͷ ൅ ͷ ൅ Ͷ ൌ ʹͷ;   
So variant 1 has a low functionality (low sum of ranks 1), but has a low cost (high sum of scores 3), so that the 
criteria are inconsistent with each other and there is no one perfect solution to the problem, which is a clear 
indication of the best ways to build modules. End of example. 
The number of possible variants, based on the number of modules built and possible methods, is L = 36 = 729. 
In section 3 multi-criteria optimization problem was formulated as a minimization problem, and because we 
know that: 
Max F(x) = - ( Min (- F(x) ). 
It is assumed following objective function: 
911 Adam Galuszka et al. /  Procedia Technology  22 ( 2016 )  905 – 912 
Min ĸ  F’(x) = - F (x) = (-f1 (x), -f2 (x), -f3 (x)).               (9) 
3.1. Solution selection using hybrid approach 
Assume here that set of objectives in formula (9) is divided into two subsets: of primary Fp and of secondary Fs 
objectives:  
Fp (x) = [ f1(x), f3(x) ]T,  Fs (x) =  f2(x). 
Assume that the impact of each Fp component depends of the weight values wi,  
i = 1, 3. It leads to formulation of optimization problem (10) with one new objective expressing one objective in the 
form of inequality constraint:      
ܨᇱᇱᇱሺݔሻ ൌ ሺെݓଵ ଵ݂ሺݔሻ െ ݓଷ ଷ݂ሺݔሻሻ௫אஐெ௜௡ ǡ െ ଶ݂ሺݔሻ ൑ െߝǤ            (10) 
Although the second component of objectives ( f2 ) is called secondary, it plays the key role in process of 
solution selection: independently of weights values wi, i = 1, 3, founded solution satisfies f2  (that corresponds to 
compliance with standards in the system) at least on desired level ߝ . Since maximal value of  f2 in the system is 28, 
it follows thatߝ ൑ ʹͺǤ In figs 2 and 3 primary objectives space (-f1 (x), -f3 (x)) is presented for ߝ ൌ ʹͺ and ߝ ൌ ʹ͹, 
respectively. Pareto optimal solutions are marked by red circles. 
 
 
 Fig. 2. Objectives subspace (-f1 (x), -f3 (x)) with Pareto solutions for ߝ ൌ ʹͺ. 
 
Fig. 3. Objectives subspace (-f1 (x), -f3 (x)) with Pareto solutions for ߝ ൌ ʹ͹. 
Assuming: w1 = 1, w3 = 1, i.e. primary objectives are equally important, the optimal solution for ߝ ൌ ʹͺ is a 
variant of No. 723, the maximum value of F’”(723) = 44, for ߝ ൌ ʹ͹ is a variant of No. 729, the maximum value of 
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F’”(729) = 46. System configurations resulting from these solutions are presented in Table 3. 
Table 3. System configurations resulting from solution of hybrid approach. 
Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 
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723 3 5 5 2 3 5 5 2 3 5 4 1 3 5 4 3 1 3 5 5 3 5 5 3 
729 3 5 5 2 3 5 5 2 3 5 4 1 3 5 4 3 3 5 4 5 3 5 5 3 
4. Conclusion 
The paper presents problem of design of rail passengers safety and comfort system as multi-objective 
optimization problem The system is an integration of six modules: video-monitoring, counting passenger flows, 
dynamic information for passengers, the central processing unit, surveillance center and vehicle diagnostics into one 
coherent solution. For each module three different construction methods were proposed and considered. Then, each 
method was evaluated under three different criteria: functionality & upgradeability, compliance with standards and 
costs. Basing on obtained results, we propose to present configuration design problem of the system as three-
objectives discrete static optimization problem. Solution of the problem leads to proposed configurations of the 
system. 
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